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radiation-resistant cell line, and to investigate the mechanism underly-
ing the radioresistancy in non small cell lung cancer cells.
Methods: A human NSCLC cell line, H460, was irradiated with x-rays 
to an accumulated dose of 40 Gy over 10 weeks to produce the radia-
tion-resistant cell line. To characterize the radiation-resistant cells, we 
checked the morphological features, clonogenicity, radiosensitivity, cell 
growth kinetics, and the levels for several candidate proteins.
Results: We established the radiation-resistant cell line and named as 
H460R. Clonogenic assay and MTT assay clearly showed that H460R 
cells were radioresistance as compared with mother H460 cells. FACS 
analysis revealed that x-ray did not induce the apoptosis in H460R 
cells, while many of H460 cells died. Consistent with, x-ray induced 
the cleavage of PARP, an indicator for apoptotic cell death, in H460 
cells, but not in H460R cells. To ﬁnd the putative upstream regulators 
for radiation-induced apoptosis, we focused on the PKC superfamily 
proteins, and found that x-ray markedly induced PKCδ activation in 
radio-sensitive H460 cells, but not in radio-resistant H460R cells. 
Conclusions: These results indicate that radioresistance of NSCLC cell 
is possibly mediated by a mechanism dependent on PKCδ, suggesting 
that the combined therapy of x-ray and PKCδ activators may improve 
the efﬁcacy of cancer treatment. 
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Background: Future radiotherapy for cancer treatment will likely al-
low the use of different radiation qualities including high LET acceler-
ated ions. In order to select for tumours which efﬁciently can be treated 
with high LET radiotherapy, there is a need to characterize which 
signalling pathways that is of importance for accelerated ion therapy. In 
the present study we compared apoptotic signalling in response to low 
and high LET radiation in NSCLC cells. 
Methods: NSCLC cells have been irradiated with either high LET 
accelerated nitrogen or low LET photons and apoptotic signalling 
parameters (caspase-3 activation, mitochondrial depolarization, Bcl-2 
family protein activation, Mitogen activated protein kinase (MAPK) 
activation) have been examined at various times post irradiation using 
a combination of ﬂow cytometry, western blotting and immunoﬂures-
cence microscopy analysis. 
Results and Conclusion: We found that high LET radiation can trig-
ger apoptotic signalling in low LET radiation resistant NSCLC cells. 
Importantly, we show for the ﬁrst time that apoptotic signalling in re-
sponse to accelerated nitrogen ions includes activation of Bak and Bax, 
depolarization of mitochondria and release of cytochrome c, activa-
tion of caspase-3/7 and induction of apoptotic morphology. Moreover, 
our data suggest that signalling by the MAPK JNK is of importance 
for apoptotic propensity after exposure to accelerated nitrogen ions. 
Importantly, as the NSCLC cells used in the present study neither show 
Bak/Bax nor JNK activation after exposure to low LET γIR but do so 
after irradiation with high LET accelerated nitrogen ions, our results 
suggest that low and high LET radiation utilizes different signalling 
pathways from the DNA damage to Bak/Bax and JNK activation. 
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We have found that human lung cancer tumors and experimental mouse 
tumors develop unique angiogenic phenotypes characterized by pre-
dominant expression of one family of angiogenic factors over another. 
Our previous data suggest that in lung cancer, angiogenic CXC chemo-
kines account for a signiﬁcant degree of the variability in angiogenesis 
between tumors (as measured by vessel density staining). On the other 
hand, while VEGF expression was not associated strongly with the vas-
cularity of the tumor, it remained a poor prognostic factor. Mizukami 
et al recently showed that in cells unable to express VEGF in response 
to hypoxia, K-ras mutations favored the expression of the angiogenic 
CXC chemokine CXCL8, through NADPH-oxidase (NOX) mediated 
generation of H2O2 and activation of NFκB. This is highly relevant to 
our study of human and mouse lung tumors, in which K-ras mutations 
are quite common. In this study we examined the expression of angio-
genic CXC chemokines by cell lines with mutant or wild type K-ras. 
Mutant K-ras cell lines expressed higher levels of angiogenic CXC 
chemokines compared with wild type K-ras cell lines. This increase in 
CXC chemokine expression was inhibited by pharmacologic inhibitors 
of NADPH-oxidase (NOX) enzymes in K-ras mutant, but not wild type 
cell lines. We also screened 90 human NSCLC tumor specimens for the 
presence of mutations in codon 12 of K-ras. In 23 tumors with mutant 
K-ras, the levels of angiogenic CXC chemokines (103±52 ng/mg) was 
signiﬁcantly higher than in 67 tumors with wild type codon 12 (24±6 
ng/mg. p=0.014). In contrast, the levels of VEGF were not statisti-
cally signiﬁcantly different, but mutant K-ras was associated with at 
trend toward lower levels of (28±7 ng/mg in wild type vs 12±3 ng/.
mg in mutant tumors. p=0.06). Our data suggest a connection between 
a common mutation in lung cancer, and the induction of NOX-depen-
dent H2O2 expression, which in turn promotes the expression of the 
angiogenic CXC chemokines. This is one of several potential pathways 
by which CXC chemokines can be over expressed in lung cancer. Addi-
tionally, our data point out the importance of recognizing the diversity 
of angiogenic phenotypes in cancer, which must be accounted for in 
designing targeted anti-angiogenic therapy. 
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Background: In lung adenocarcinomas, the Ras signaling pathway 
is often constitutively activated, and K-Ras activating mutations are 
widespread. Given the failure in clinical trials of compounds that target 
